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© Heating and temperature-control device for biological sample containers. 



© A heating and temperature-control device for 
biological sample containers comprises an assembly 
of lamps emitting infrared radiation within a 
wavelength of 1-5.5 micrometers and heating said 
containers by irradiation, and a sensor for infrared 
radiation of wavelength 7-14 micrometers which 
picks up the emission from the containers which 
derives from their heating. The signal obtained from 
said sensor is used to control the lamp emission in 
such a manner as to obtain the required container 
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HEATING AND TEMPERATURE-CONTROL DEVICE FOR BIOLOGICAL SAMPLE CONTAINERS 



It is a well known fact that chemical analysis, 
and in particular the analysis of biological samples, 
must be carried out at a predetermined tempera- 
ture to obtain correct results. In analysing small 
quantities of substances (such as the analysis of 
blood or other organic liquids with modem auto- 
matic analysis equipment) it is also important to 
heat not only the samples and reagents but also 
the small containers into which the samples and 
reagents are subsequently transferred to carry out 
the analysis. In this respect, if the samples and 
reagents are brought to a given temperature while 
in their storage containers and then transferred for 
analysis into small containers (such as the so- 
called rotors used in automatic analysis machines) 
not at the same temperature, it is apparent that 
because of the small mass of the samples and 
reagents (usually hardly more than droplets), they 
assume the temperature of the container and so 
give false analysis results. 

To ensure that the required temperature is 
reached and remains constant with time, the con- 
tainers containing the samples to be analysed are 
generally stored in storage equipment in the form 
of temperature-controlled ovens. 

The problem common to such heating systems 
is that measuring the temperature inside the oven 
does not always give an exact indication of the 
temperature within the containers because of the 
inevitable thermal inertia. 

In this respect, especially in the case of auto- 
matic machine analysis, withdrawing the containers 
from the oven only a short time after their insertion 
may mean that they have undergone insufficient 
heating. However if they are kept in for a time 
longer than that strictly necessary to obtain correct 
heating, and thus with a reasonable chance that the 
containers (which enter the oven not always at 
constant temperature) have reached the required 
temperature, there is a considerable slow-down in 
analysis rate. In addition, if conventional methods 
are used to measure the temperature of the interior 
of the oven and this is kept constant, thermal 
inertia again means that there can be no guarantee 
that the container temperature is maintained at 
constant value, and the containers can therefore 
leave the oven at the wrong temperature. The 
aforesaid problems could theoretically be solved by 
placing a temperature sensor in contact with the 
containers to obtain direct measurement of their 
temperature within the oven rather than the tem- 
perature of the oven interior itself. This method is 
however impracticable because any temperature 
sensor in contact with the containers would also be 
influenced by the oven internal temperature which, 



as stated, is not always in constant relationship 
with the container temperature. 

The object of the present invention is to ob- 
viate the aforesaid drawbacks by providing a de- 

s vice and method for heating and temperature-con- 
trolling containers which allows their required tem- 
perature to be reached and maintained, and prop- 
erly measured. This object is attained by a heating 
and temperature-control device for biological sam- 

w pie containers, of the type comprising for said 
containers a heating chamber containing a plurality 
of infrared radiation heating sources and means for 
controlling the emission intensity of said plurality Of 
sources, said means being governed by a sensor 

;s disposed within said chamber, characterised in that 
said sensor is a sensor for measuring the infrared 
radiation emitted by the containers in the chamber. 

The novel principles of the present invention 
and its advantages over the known art will be more 

20 apparent from the description of one embodiment 
thereof applying said principles, which is given 
hereinafter with reference to the accompanying 
drawings. 

In the drawings: 

25 Figure 1 is a diagrammatic sectional side 

elevation of a heating device constructed in accor- 
dance with the present invention; 

Figure 2 is a section on the line ll-ll of Figure 

30 

With reference to the figures, a heating and 
temperature-control device 10 comprises a cham- 
ber 11 containing a vertical pin 12 connected by a 
belt 14 to an electric motor 15, and on which 

36 containers 13 in the shape of a circular ring with 
radial sectors, commonly known as rotors (of which 
only the first and last of the stack are shown for 
clarity in Figure 1) for use in multiple automatic 
analysis equipment are stacked automatically or 

40 manually through an upper circular aperture in the 
chamber. 

A horizontal arm 16 with one end placed below 
the lower rotor of the stack is mobile along a 
vertical guide 23 by means of a threaded sleeve 17 
45 and a worm 18 parallel to it and connected by a 
belt 1 9 to an electric motor 20. 

Three infrared lamps 21 are disposed within 
the chamber 1 1 at the vertices of an ideal equilat- 
eral triangle centered on the pin 12 (as shown in 
so Figure 2) and parallel to the stack of rotors. 

An infrared sensor 22 is disposed (as shown in 
Figure 2) horizontally to face the stack of rotors 
along a direction which does not Intersect the 
lamps 21. 

The lamps 21 and sensor 22 are connected to 
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a proportional control system of known type, which 
can be easily conceived by any expert of the art 
and is therefore not shown, neither are its connec- 
tions. 

It has been found that for the constituent ma- 
terial of the rotors (polymethacrylate), the best 
heating results are obtained for a wavelength of 
between 1 and 5,5 micrometers for the infrared 
radiation emitted by the infrared lamps. Good tem- 
perature sensitivity without source emission inter- 
ference is obtained if the sensor is arranged to 
receive the emission from the rotor material within 
an infrared band of wavelength between 7 and 14 
micrometres. 

The operation of the device is as follows. 

The rotors are initially mounted automatically 
or manually on the pin 12 through the upper ap- 
erture in the chamber 11 so that the lamps 21 
irradiate them and heat them. 

By means of the motor 15, the pin 12 rotates 
the pile of rotors around the lamps to provide them 
with uniform irradiation and heating. 

In accordance with a known physical law any 
heated body emits infrared radiation, the intensity 
of which is a function of the body temperature. 

The sensor 22 picks up the infrared radiation of 
wavelength 7-14 micrometers emitted by the rotors 
as a consequence of the heating to which they are 
subjected, the resultant signal being used by said 
control system to control the emission intensity of 
the lamps 21. 

As the intensity of the infrared radiation emitted 
by the rotors is a function of their temperature, 
measuring of this intensity provides the necessary 
feedback to the control system, in order to keep 
the rotor temperature constant after it has been 
brought to the required value. 

The fact that the emission wavelength of the 
infrared lamps and the wavelength of the received 
return emission from the rotors are different is of 
primary importance for non-interference between 
said temperature and the lamp temperature in the 
rotor temperature measurement. 

This therefore enables the true temperature of 
the rotors to be indirectly measured moment by 
moment during their heating, so making it possible 
to attain the required temperature in the shortest 
possible time with very high precision and con- 
stancy. Having attained the required temperature 
(reliably measured by the described method), when 
the individual rotors are required for the analysis 
procedure the motor 20 raises by means of the 
worm 18 the arm 16 supporting the stack of rotors, 
so making the first rotor of the stack emerge from 
the top of the chamber 11 so that it can be with- 
drawn (for example automatically by an analysis 
machine) for immediate use. 

Usually it is possible to load reagents and 



samples into the cuvettes of the top rotor while it is 

on the stack, but the top rotor can also be removed 

from the stack empty. 

The described embodiment of the present in- 
5 vention is given by way of example only, and is not 

to be considered limitative of its scope. 

It is apparent that the containers can be of any 

form as can be the sistem for handling them within 

the device, and in addition the heating lamps and 
jo the sensor measuring the infrared emission from 

the containers can be of different arrangement. 



Claims 

1 . A heating and temperature-control device for 
biological sample containers, of the type compris- 
ing for said containers a heating chamber contain- 
ing a plurality of infrared radiation heating sources 

20 and means for controlling the emission intensity of 
said plurality of sources, said means being gov- 
erned by a sensor characterised in that said sensor 
is a sensor for measuring the infrared radiation 
emitted by the containers in the chamber. 

25 2. A device as claimed in claim 1, charac- 
terised in that said plurality of sources emits in- 
frared radiation having a wavelength within a first 
predetermined band, said sensor having its maxi- 
mum sensing sensitivity within a second predeter- 

30 mined band, said two bands being separated. 

3. A heating device as claimed in claim 2, 
characterised in that said first predetermined band 
is 1-5, 5 micrometres. 

4. A heating device as claimed in claim 2, 
35 characterised in that the second predetermined 

band is 7-14 micrometres. 

5. A heating device as claimed in claim 1, 
characterised in that said sensor is disposed such 
that its sensing line does not intersect with any of 

40 the plurality of infrared radiation heating sources. 

6. A heating device as claimed in claim 1, 
characterised in that said containers are in the 
shape of a circular ring with a plurality of radial 
compartments and are stacked in said containing 

46 chamber by being mounted on a vertical pin. 

7. A heating device as claimed In claim 6, 
characterised in that said vertical pin is connected 
to motorized means for its rotation about its axis. 

8. A heating device as claimed in claim 1, 
50 characterised in that in said chamber there are 

provided means for moving said containers towards 
an outlet aperture in the chamber. 

9. A heating device as claimed in claim 1, 
characterised in that said sources are three in 

55 number and are disposed at the vertices of an 
equilateral triangle centered on the vertical axis of 
the chamber. 
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